ABSTRACT Despite the potentials and contributions of guinea fowls to economic and social life in Ghana, accurate sex identification in these birds is still a major problem. Three hundred and sixty guinea fowls (180 birds per sex) were used in determining a more accurate and farmer friendly sexing technique. The sexing methods explored were vent, biometric, and molecular techniques. Vent sexing was accomplished by measuring phalli in 28 and 32-week-old birds, while biometric sexing involved the measurement of morphometric traits and data analyzed using discriminant function analysis. Molecular sexing was carried out by DNA extraction and subsequent PCR using the 2550F/2718R primer set. Females had a wider (P < 0.05) pelvic inlet than male birds from first week of age until the end of the study, while the opposite was true for wattle length. However, wattle length differed (P < 0.05) between both sexes after 4 weeks of age. Combining the biometric variables in a discriminant function, males could be distinguished from females with an accuracy of 94%. During molecular sexing, the P2/P8 primer set was not effective in sexing guinea fowls because it amplified a single band in both sexes and in the same manner. The sex of guinea fowls was properly determined using the primer set 2550F/2718R. Females produced 2 bands of 396 bp and 344 bp, while males only produced the larger band. Phallus size in the 2 sexes were distinguishable from 8 weeks of age, with males having longer and thicker (P < 0.05) phalli than their female counterparts. Combining the 2 variables in a discriminate function, males and females could be distinguished with 98.3% accuracy. While the molecular method remains the most accurate sexing technique, the biometric method emerged as the most farmer friendly approach to sexing guinea fowls.
INTRODUCTION
The basic information about each individual includes its sex. However, telling the difference between the sexes in various taxonomic groups is not always as easy as in humans. In birds that are sexually dimorphic, such as the house sparrow (Passer domesticus Linneus, 1758), mallard (Anas platyrhynchos Linneus, 1758) and collared flycatcher (Ficedula albicollis Temminck, 1815) , it is very easy to distinguish between males and females (Dubiec and Zagalska-Neubauer, 2006) . However, males and females of many species have very similar phenotypic traits (sexual monomorphism), which can make sex identification challenging even for experienced ornithologists. For example, at least 60% of all passer-ine species are sexually monomorphic in color (Price and Birch, 1996) . The development of molecular sexing techniques, therefore, constituted a breakthrough in the reliability and rapidity of sex identification in birds. By the time they became common, sex had been identified on the basis of: (1) behavioral observations, (2) presence of brood patches, (3) differences in morphometric traits, (4) examination of the gonads by laparotomy or laparoscopy, and (5) examination of sex chromosomes (Prus and Schmutz, 1987) .
Sexing is a major problem militating against efficient selection and breeding in guinea keets. In large scale poultry production, it is important that the birds be sexed at a very early age so that resources are not unduly wasted feeding the males on expensive layer ration. Early separation of males from females also provides enough space for the growth of pullets (Okorie, 1978) , prevents precocious mating (Oluyeni and Roberts, 1979) , and helps workers understand the behaviour of birds peculiar to a particular sex. Studies 311 by some researchers (Awotwi, 1975; Teye et al., 2000) showed no differences between male and female keets in their external features. Preliminary studies by Awotwi (1975) , however, showed that young female guinea fowls tended to have wider pelvic inlet than males, and this difference was evident in birds as early as 2 weeks of age (WOA). The work by Teye and associates (2000) also demonstrated that males could be distinguished from their female counterparts by the presence of a rudimentary phallus in their cloaca. These results were, however, not confirmed with any molecular tool. Also, sexing guinea keets using this method can be a very slow process, particularly when large numbers of birds are involved. Therefore, there is a need to confirm these results and develop other techniques which will facilitate quick and efficient sex determination in guinea keets. The objective of this study is to determine a more accurate and farmer friendly sexing technique in the guinea fowl using biometric, molecular, and vent sexing techniques.
MATERIALS AND METHODS

Experimental Site
The study was conducted at the Poultry Unit of the Department of Animal Science, University for Development Studies, Nyanpkala, Tamale (Ghana). Nyanpkala lies on latitude 9
• 69 N and longitude 0 • 83 W. Temperatures are generally high with minimum and maximum values of 22
• C and 35
• C recorded in March and December, respectively (Innes, 1977) . Rainfall is monomial with mean annual rainfall varying from 1,000-1,500 mm and peaks from August to September, with a relatively long dry season extending from November to April. The area lies in the Guinea Savannah zone.
Animals and Management
A total of 360 local guinea fowls (Numidae meleagris; 180 per sex) of the pearl variety, were used for the study. Birds were brooded for 6 weeks (Teye and Gyawu, 2002) , and then transferred to a deep litter house until the end of the experiment. They were individually identified using tags placed through their inner wings to prevent detection by other birds and thus avoid pecking. Keets were brooded at 35
• C from hatching until three WOA, and then at 32
• C until six WOA (Teye and Gyawu, 2002) . Birds were then maintained at ambient temperatures between 22
• C until the end of the experiment. Feed and water were supplied ad libitum. Day old keets were fed ground maize in flat feeders followed by a starter ration from day 2 until 6 WOA. This was followed by a grower ration from 6 WOA until 21 WOA, and then a layer feed until the end of the experiment. The starter (22% crude protein and 3,000 Kcal ME/kg diet), grower (14% crude protein and 2,800 Kcal ME/kg diet), and breeder (17.5% crude protein and 2,800 Kcal ME/kg diet) rations were obtained from a commercial feed supplier (Agricare Ghana Limited, Kumasi, Ghana), and compounded based on the recommendations of Offiong (1983) (Cited by Ikani and Dafwang, 2004) for optimum growth and performance in guinea fowl breeders.
Information on lighting requirements of the local guinea fowls from hatching are unavailable, and those used for chicken, are usually employed. In this case, however, the "golden rule" to follow in designing lighting programs for pullets (Thiele, 2009 ) was followed. All birds received 24 hr light from day old until one WOA, and this was reduced to 16 hr until birds were 3 weeks old. These longer light periods during the first 3 weeks of life were to ensure maximum feed consumption and maximum growth initially. This was gradually reduced to a minimum of 13 hr, marking the phase of constant light, since no increase in day length is recommended until the phase of planned light stimulation is reached (Thiele, 2009) . The phase of planned light stimulation was identified by the onset of lay in two birds at 21 WOA. This could not be planned earlier because laying age varies considerably between 20 to 40 weeks of age in these birds (Awotwi, 1987) . At this age, the lights were gradually adjusted to 14 hr.
Experimental Procedure
All procedures used followed approved guidelines for the ethical treatment of animals. Birds were sexed using three methods as follows:
Biometric Sexing. Twenty birds per sex per age group were studied. Sexes were retrospectively confirmed using the gonads. All parameters were recorded to the nearest 0.1 mm (except body length, wing span and body height which were recorded to the nearest 0.1 cm). The following morphological traits were measured at four-week interval from 1-32 WOA. Molecular Sexing. Blood samples were collected into EDTA vacutainer tubes of 4 ml each and spun at 5000 rpm for 3 min. Plasma was then pipetted off. Nineteen parts of 95% ethanol (1:20) was then added to the remaining cells as preservative and tubes stored at room temperature for subsequent analysis.
Sexing procedure was accomplished by DNA extraction, PCR, and agarose gel electrophoreses. DNA was extracted from 40 birds of known sexes (20 per sex, using the gonads to sex retrospectively) using the QAIGEN DNeasy R Blood and Tissue kit (QAIGEN Group, UK), and following the procedure outlined by the manufacturer (DNeasy Blood and Tissue Handbook 07/2006). Blood samples preserved in ethanol tend to clot. Therefore, prior to extraction, a piece of the sample was transferred into a 1.5 ml microcentrifuge tube. The ethanol was dried off using a sample concentrator in the fume hood, and the dried sample homogenized in 200 μl 0.01M PBS with a micro pestle.
All PCR reactions were performed in 15 μl volumes on a Thermo Scientific TM Hybaid PX2 Thermocycler (Thermo Fisher Scientific R , USA), and the master mix contained 9.72 μl UV treated dH 2 O, 1.5 μl × 10 Taq buffer, 2.08 mM Magnesium chloride (MgCl 2 ), 0.106 mM dNTP, 1 μM each of primers 2550F (5 -GTT ACT GAT TCG TCT ACG AGA-3 ) and 2718R (5 -ATT GAA ATG ATC CAG TGC TTG-3 Fridolfsson and Ellegren, 1999) , and 0.03 U Taq enzyme was added just before aliquoting the master mix. Thirteen μl of master mix to 2 μl of 200 ng/μl DNA sample was used for the PCR reaction. All reagents except the primers were supplied by Thermo Fisher Scientific R (USA). The primers were synthesized by Eurogentec R (Southampton, UK). Primer designations were made on the basis of the position of the 5 primer sequence nucleotide in the full length murine CHD1 transcript; position one being the adenosine of the ATG start codon (Delmas et al., 1993) . The notation F indicates the primer to be directed forwards along the transcribed CHD1 sequence, R referring to the reverse. The thermal profile comprised an initial denaturation step of 94
• C for 1 min, 40 cycles each of denaturation at 94
• C for 30s, primer annealing at 49
• C for 45s, and primer extension at 72
• C for 45s. A final extension step of 5 min was added after the last cycle to allow the filling in of the protruding ends of newly synthesized PCR products (Griffiths et al., 1996) . PCR products were separated in 3% agarose gel run in standard TBE buffer, and visualized with ethidium bromide staining of both the gel and buffer at 0.5μg/ml. Vent Sexing. Vents were inspected weekly (60 birds per week) for the emergence of a rudimentary phallus as a distinguishing feature between the 2 sexes. This inspection was made easier if 2 people were available. The bird was tipped upside down with one hand and the tail pushed towards the head. Simultaneously, the first finger and thumb were placed on the opposite sides of the vent and slowly separate with a gentle but firm pressing motion, stretching and everting the cloaca to expose the phallus, if present. In the course of the study, both sexes were found to have phalli (birds were retrospectively sexed using the gonads), though females had a more vestigial form. Therefore, it became necessary to measure phallus sizes (length and thickness) as a means of distinguishing between the two sexes. Phallus measurements in both sexes were taken at 28 and 32 weeks of age. In taking phallus measurements, the pressing was done by the same investigator, and in the same manner for all birds so that there were no variations in the degree of exposure of the phallus in different birds. The length of the phallus (longitudinal axis as it emerges from the vent) and thickness (dorsoventrally) were obtained using calipers.
Statistical Analysis
Data was analyzed using the SPSS software, version 20 (IBM, 2011). External anatomical measurements were individually compared between the two sexes for each age category using 2-tailed t-test/Mann-Whitney U test. Data for biometric and vent sexing were further subjected to stepwise discriminate function analysis. During the analysis, the unstandardized canonical discriminant function coefficient was generated for each variable to indicate how much each variable contributed to the predictive power of the function. All comparisons were done at 5% level of significance.
RESULTS
Biometric Sexing
Variations in external anatomical characteristics between male and female guinea fowls are shown in Table 1 . There were no differences (P > 0.05) between male and female guinea fowls in the external biometric characteristics measured except the width of pelvic inlet and wattle length. These applied to all age groups. Females {12.8 ) mm} had wider (P < 0.05) pelvic inlets than their male {9.0 (IQR 6.5-11.0) mm} counterparts. The difference in pelvic inlet width between the 2 sexes emerged at one WOA, and continued until 32 WOA (Figure 1) . Conversely, males {15.0(IQR 4.0-24.0) mm} possessed longer (P < 0.05) wattles than females {11.6 (IQR 4.0-17.1) mm}. The difference in wattle lengths between male and female birds emerged at 4 WOA (some males and most females did not posses wattles at 1 WOA), and continued until the end of the study (Figure 2) .
During a stepwise discriminant analysis, only 8 out of the 12 biometric traits considered were included in the estimation of a discriminate score because each added significantly (P < 0.001) to the predictive power of the function. One discriminate function was calculated with X 2 = 436.882 (df = 8, P < 0.001). The highest contributor to the function was wingspan (−7.117), while the least was body weight (−1.142). The classification results ( Table 2 ) showed clearly that 93.9% males and 94.4% females were assigned correctly by the original group classification, averaging 94.2% of all birds being classified correctly. The cross-validated group cases, which is a more objective presentation of power of discriminate function than original group classification, produced a similar result (93.9%). In this case, equal numbers (93.9%) of males and females were classified correctly. The gender of a bird therefore could be determined using this discriminant function with the accuracy of 93.9% on the bases of these measurements using the following formula: The gender index for males had negative values (Centroid = −1.556), while those for females had positive values (Centroid = 1.556). This implies any individual with score less than 0 is a male, while individuals with scores higher than 0 are females.
Molecular Sexing
The samples used for DNA extraction yielded between 200 ng/μl to 900 ng/μl DNA per sample. All samples were diluted to 200 ng/μl before they were used for PCR. Even though primers P2 (5 -TCT GCA TCA CTA AAT CCT TT-3 ) and P8 (5 -CTY CCR AGR ATG AGA AAC TG-3 ; Griffiths et al., 1998) (Cytosine and Thymine (C+T) were substituted for Y, while Adenine and Guanine (A+G) were substituted for R in primer designing) have previously been used to sex bird species, the present study clearly showed that it only amplifies 1 band in both sexes, and therefore, is unreliable for sexing guinea fowls.
The primer set 2550F (5 -GTT ACT GAT TCG TCT ACG AGA-3 ) and 2718R (5 -ATT GAA ATG ATC CAG TGC TTG-3 ) was found to be effective in sexing guinea fowls. Two fragments at 396 bp and 344 bp were present in females, but there was only one band at 396 bp in males Figure 3 ).
Vent Sexing
Phallus size (length and thickness) from about the eighth WOA seemed to discriminate effectively between the 2 sexes. Males had significantly (P < 0.001) longer {5.9 (IQR 5.3-7.6) mm versus 3.1 (IQR 2.0-3.7) mm} and thicker {6.7 ± 0.2 mm versus 2.4 ± 0.1 mm) phalli than their female counterparts. Generally, the phalli in females appeared more vestigial (Figure 4) .
Phallus dimensions were further subjected to stepwise discriminant analysis. Both variables included were highly significant (P < 0.001) contributors to the predictive power of the function. One function was estimated and the highest contributor was phallus thickness (0.857), while phallus length (0.372) was the least. The classification results showed the same results for both the original group and cross validated group cases (Table 3 ). In all, 98.3% of birds were classified correctly by gender (in each case, all females and 96.8% of males were assigned correctly).
The sex of guinea fowls could therefore be determined using this discriminant function on the basis of phallus measurements with 98.4% accuracy, using the following formula:
Sex index = (0.295 × P hallus length)
Gender index for males had a positive value (Centroid = 2.445), while those for females had a negative value (Centroid = −2.614). Birds could therefore be classified as males or females depending on whether their discriminant scores are greater or less than 0 respectively.
DISCUSSION
Biometric Sexing
Biometric sexing is cheaper, requires no sample collection, and takes less time to obtain accurate results, unlike molecular sexing (Hernandez et al., 2010) . The technique also requires little or no training (van de Pol et al., 2009 ). All these advantages make it a more suitable method for easier sexing of monomorphic birds, particularly among local farmers. In agreement with the reports of Awotwi (1975) , the present study revealed that guinea fowls, irrespective of age, were sexually monomorphic in head length and width, length of cere, abdominal width, neck length, body length, wing span, body height, tail length, body weight, and helmet thickness. These parameters, when studied separately, could therefore not be used to distinguish between the two sexes. Awotwi (1975) noted that these biometric features, rather than being sexually dimorphic, were related to the body weight of the bird. However, some sexually differentiated features were observed in this study. Specifically, males from 4 WOA and beyond had bigger wattles than females, while the opposite was true for the width of the pelvic inlet. Similar observations have also been made by Rheam (1950) and Awotwi (1975) . Awotwi (1975) observed that the width of pelvic inlet tended to be wider in females than their male counterparts from 2 WOA. The difference in the width of pelvic inlet between the 2 sexes in the present study emerged rather early, during the first WOA. This, when combined with other methods such as the vent sexing used in the present study, could reliably help in distinguishing between the 2 sexes in the field. Combining these techniques, however, may only be possible in birds from 8 weeks of age as the phallus becomes distinguishable between males and females from this age.
The use of a single variable (morphological traits studied separately) is the most rudimentary way of distinguishing between the two sexes (Catry et al., 2005) . Hernandez et al. (2010) indicated that in practice, a single variable does not provide satisfactory results, the classification being improved upon by the combination of more variables. In addition, it is possible that no differences may be found between groups in a single variable, while differences are noted in the combinations of variables. This is evidenced by the inability to individually use each biometric trait measured in this study to distinguish between male and female birds.
The results of the present study revealed that the sex of a guinea fowl could be determined by combining eight morphological variables (head length, wattle length, helmet thickness, wingspan, pelvic inlet width, body height, tail length, and body weight) in a linear classification function with about 94% accuracy. This level of accuracy is acceptable since the error level is lower than the threshold figure of 10% (Hernandez et al., 2010) . The level of accuracy recorded in the present study was comparable to the value of 94.97% reported by Svagelj and Quintana (2007) for Imperial Shag (Phalacrocorax atriceps) and 94.1% reported by Xirouchakis and Poulakakisi (2008) for the Griffon Vulture (Gyps fulvus). These were much higher than the values of 81% each reported by Ottwall and Gunnarsson (2007) and Shealer and Cleary (2007) for Redshank (Tringa totanus) and Black tern (Chlidonias niger), respectively. It was however lower than the values of 98.7% obtained by Campos et al. (2005) for White-throated dipper (Cinclus cinclus) and 99.5% reported by Daniel et al. (2007) for Australasian gannet (Morus serrator). The gender determination formula used in this study, therefore, may be valid only for our local guinea fowls found in the Northern region of Ghana, specifically raised following similar management practices, since biometric differences may exist between guinea fowls found in this and other locations, and also managed differently.
Molecular Sexing
According to Griffiths et al. (1998) , the P2/P8 primer set is suitable for sexing birds throughout the class Aves, except for ratites, which have undifferentiated sex chromosomes. In the present study however, this primer set could not distinguish between sexes in guinea fowls, and only amplified the same product in males and females. This is in agreement with the results obtained by Jenkins (University of Glasgow; unpublished results) in the same species. Similarly, Ivna Kocijan et al. (2011) could not sex European Shag (Phalacrocorax aristotelis) and Griffon vulture (Gyps fulvus) using the P2/P8 primer set. The 2550F/2718R primer set was effective in distinguishing between male and female guinea fowls. This produced 2 bands of different sizes in females (396 bp and 344 bp) and only the larger band in males. This is consistent with the reports of Jenkins (University of Glasgow; unpublished results) in an earlier study. Similar observations were made by Ivna Kocijan et al. (2011) in the European Shag (Phalacrocorax aristotelis) and Griffon vulture (Gyps fulvus). Even though Fridolfsson and Ellegren (1999) indicated that this primer set could be used to sex all the members of the class Aves, except ratites, Ivna Kocijan et al. (2011) The failure of both universal primers to sex certain species of birds could be due to the failure of the PCR amplification of the CHD-W fragment as a result of mutation (s) in the primer annealing site (Fridolfsson and Ellegren, 1999) . This is also attributable to the fact that the amplified CHD-W and CHD-Z gene fragments are of similar size and thus could not be separated in standard agarose gel electrophoreses (Griffiths et al., 1998) . Electrophoresing in a gel with higher resolution power, such as polyacrylamide gel, could help resolve products of similar size (Dawson et al., 2001) . Also the PCR products could be digested with specific restriction enzymes to resolve male and female specific bands if different restriction sites in these fragments exist (Sacchi et al., 2004) . None of these possibilities were explored since sexes of guinea fowls were successfully assigned using the 2550F/2718R primer set in the present study.
Vent Sexing
Phalli were present in the cloacae of male and female guinea fowls as double edged structure from hatching, and could not be used to distinguish between the 2 sexes until at about 8 weeks of age when those in males were longer and thicker than those in females. A conflicting observation was made by Teye et al. (2000) . The authors reported that males had vestigial phalli in their cloaca while females had none, or at best possessed a labia-like structure at 4 WOA. On the contrary, some females in the present study had sizable phalli while others possessed more vestigial ones at 8 WOA. Classifying birds based on the presence or absence of the phallic structure may therefore be inaccurate. Teye and associates (2000) distinguished between male and female birds earlier (at 4 WOA) because they worked with both the exotic and local breeds of guinea fowls. The earlier differentiation may have occurred in the exotic breeds which grew faster than the local breeds, exhibiting certain anatomical features earlier.
Based on the linear classification function of phallus length and thickness, vent sexing is more accurate than biometric sexing.
Molecular sexing is the most accurate technique for sexing birds compared to biometric and vent sexing. The technique, however, requires more time and resources to obtain accurate results, as it requires a well-equipped laboratory and expensive chemical compounds. It is also invasive and often require blood or feathers from a live bird, although sometimes a small portion of the rachis of a feather is enough (Wang et al., 2006) . Both biometric and molecular sexing were possible at first WOA, while vent sexing was only possible from 8 WOA.
Molecular sexing using the primer set 2550F/2718R could be the method of choice where facilities and/or resources are available, particularly, on large scale and research farms. In the absence of appropriate facilities and/or resources, the biometric method may be the appropriate technique to use for sexing younger birds, particularly in the field. Given the number of measurements involved in the estimation of a discriminant function, it is recommended that smallholder farmers use pelvic inlet width and wattle length measured separately for sexing.
